Intraocular pressure (IOP) initially increases upon entering microgravity above seated baseline 24
Abstract
Introductionmaintain a consistent protocol across all experimental conditions. Measurement began an hourafter subjects were administered scopolamine and were completed within 2.5 hours, the same 136 dose window used for parabolic flight. 137
Microgravity Protocol: Microgravity measures were taken in the seated position aboard a 138 the optic nerve and center of the fovea, as shown in Figure 3 . Choroidal area was determined byoutlining the boundaries of the choroid using the Spectralis software. The internal boundary 159 began at the optic nerve and the external boundary was taken as 3000μm from the fovea to 160 ensure the scans were consistent across all posture conditions for a subject. Three independent 161 observers analyzed each image and the correlation coefficient between the observers was 162 calculated to determine variability. If there was agreement between the datasets (R > 0.9) the 163 observations were averaged and analyzed for postural effects. 164
Statistics: A repeated-measures ANOVA was used to measure the main effect of posture for each 165 of the measures (SPSS, IBM Corporation, Armonk, New York or Matlab 2015a, Mathworks, 166 Natick, MA). When the main effect was significant, a Bonferroni post-hoc test was done to 167 determine any significant differences between postures. 168 169
Results

170
Tonometry: Intraocular Pressure 171
Intraocular pressure (IOP) was measured on 24 subjects (13 male, 11 female). Fifteen subjects 172 had IOP measured in the right eye (OD), while 9 subjects had IOP measured in their left eye 173 (OS). Figure 4 shows the results of posture and microgravity on IOP in mmHg. The value for 174 each position is as follows (mean ± standard deviation): upright = 11.5 ± 2.0 (OD = 11.4 ± 1.9, 175 OS = 11.7 ± 1.9); supine = 13.7 ± 3.0 (OD = 15.3 ± 2.3, OS = 11.0 ± 1.7); prone = 20.3 ± 2.6 176 (OD = 21.1 ± 1.9, OS = 18.8 ± 3.0); and microgravity = 16.3 ± 2.7 (OD = 16.3 ± 2.6, OS = 16.1 177 ± 2.6). There was a significant main effect for posture (F = 77, p = 0+). All pairwise comparisons 178 were significant (p < 0.001). 179 and mechanical issues. Therefore, this measurement was not taken on all subjects and the total 184 number of measurements taken and averaged varied from 1 to 6 times. The mean and standard 185 deviation of axial length, aqueous depth, cornea thickness, and lens thickness are shown in Table  186 1. A significant main effect on experimental condition was found for aqueous depth (F = 5.37, p 187 = 0.004), with pairwise significant differences between supine and prone (p = 0. in the head (6, 9, 10, 21, 22) . Our data are the first to indicate hydrostatic gradients may also 211
influence IOP beyond what might be expected due to fluid shift. Our data also confirm the 212 hypothesis that gravitational effects are reflected in changes to ocular geometry and choroid area. (illustrated in Figure 7C ) is one of the primary determinants of IOP as described by the Goldman 240 equation: 241
( 1) 242 where P o is intraocular pressure, F is the rate of aqueous flow through the anterior chamber, U is 243 the rate of outflow facility leaving the eye through the uveoscleral outflow pathway, C is 244 trabecular outflow facility, and P v is EVP (3). Changes in EVP have a profound effect on IOP 245 (24). While supine, the hydrostatic contribution to venous pressure would be greatest at the back 246 of the head. In the prone position, this situation would be reversed. The highest hydrostatic 247 contribution to venous pressure would be at the anterior part of the head. The magnitude of 248 change based on the hydrostatic column for the average adult head is approximately 5 249 centimeters from the reference pressure, which is a combined 10 cm hydrostatic column 250 difference going from supine to prone, or 7.5 mmHg. This change is in the same range as the respectively. The biometry data collected in microgravity varied by subject due to the 289 challenging environment in which the measures were collected. Overall, axial length shortened 290 the most in the microgravity, but the standard deviation of this measurement was large and the 291 change was not statistically significant. A decrease in axial length may be expected due to tissue 292 offloading causing the eye to return to its most spherical shape. Cornea and lens thickness 293 measurements were not significantly different and were not expected to change acutely under 294 these experimental conditions. 295 veins affects IOP as seen in the Goldman Equation (1). C) IOP measured at the corneal surface is 527 influenced by hydrostatic gradients in the aqueous/vitreous humor. In the prone position, the 528 hydrostatic pressure is greatest at the cornea, in contrast to the supine position where it is lowest 529 at the cornea. Aqueous humor dynamics may also be altered by changes in intraocular pressure 530 both at the production site in the ciliary body and drainage through the trabecular mesh and 531 uveoscleral pathways (15). 532 Table 1 Values are means ± standard deviation. The p-value is given for repeated measures ANOVA on 535 postural effects. * indicates significance, α < 0.05. 536 The IOP and choroid area change values are data from this experiment. The hydrostatic column 539 length for supine and prone are estimates based on average adult cranial venous anatomy. The 540 hydrostatic column height for upright is from Qvarlander et al. (27) and is based on the vertical 541 distance from the eye to the location of internal jugular collapse. The central venous pressure 542 (CVP) data are from Buckey (4) with the assumption that CVP does not change between supine 543 and prone. Note that CVP is typically measured clinically in the supine position. The episcleral 
